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INTRODUCTION 
The structure of deoxyribonucleic acid (DNA) was 
determined by Francis Crick and James D. Watson. Since 
their discovery, the structure and action of DNA has been 
studied extensively. DNA has been proven to constitute the 
genetic material and is therefore responsible for initiating 
the production of proteins within the cell. The genes on 
the DNA molecule are arranged in a linear sequence and are 
composed of nucleotides. There are four different nucleo­
tides in higher animals: (1) adenine, (2) thymine, (3) 
cytosine, and (4) guanine. The chemical properties of the 
bases in the nucleotides causes adenine to join with thymine 
and cytosine to join with guanine to form a double helical 
DNA molecule that resembles a ladder. The steps of the 
ladder are represented by two nucleotides such as cytosine­
guanine or adenine-thymine. A gene is represented by a long 
sequence of nucleotides in a very definite arrangement. The 
precise arrangement of nucleotides will result in a precise 
message to the ribosomes of the cell for the production of a 
protein that will have a specific linear sequence of amino 
acids as directed by the sequence of nucleotides that make up 
the DNA molecule. 
If the sequence of nucleotides is altered the message 
that is given to the ribosomeS is also altered and a new 
protein could be produced. An alteration of the nucleotide 
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sequence would be called a mutation. If the alteration of 
the nucleotide sequence is the result of a certain applied 
chemical or physical phenomenon, then the change in the 
nucleotide sequenc.e is said to be an induced mutation. 
Induced mutations can be caused by ionizing irradiation. 
mustard gas, urethane, phenols. formaldehyde, ethylmethane 
sulfonate (EMS) and ethers (Auerbach. 1967). Spontaneous 
mutations are those alterations in the nucleotide sequence 
resulting from unrecognizable stress. 
Ethylmethane sulfonate (EMS) (CH CH20S02CH ) is a3 3
monofunctional alkylating agent that has been widely 
accepted as a potent mutagenic agent for Drosophila. EMS 
affects primarily post-meiotic sperm cells which have com­
pleted DNA replication and apparently works on one strand of 
the DNA molecule (Khan, 1969). 
EMS may be applied to Drosophila in several ways. In 
the feeding method, 0.15% EMS is mixed with 1.0% sucrose 
solution which is then used to saturate absorbent paper. 
Adult males are then allowed to feed for a 24 hour period on 
the sugar and Eb~ solution. It has been shown that this 
method of application will produce a frequency of sex-linked 
recessive lethal mutation 38.7% (Khan, 1969). 
In no case has the storage of sperm in Drosophila 
treated with EMS and other monofunctional alkylating agents 
led to a change in delayed and complete germinal mutations. 
Apparently. monofunctional alkylation of the Drosophila 
-
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X-chromosome yields an effect which is not influenoed 
'further by allowing ,time for the completion of further 
reaction or loss of reactions (Khan, 1969). 
The meohanism of this form of mutation (alkylation) 
is caused by depurlnatlon of DNA. Depurination of DNA can 
result when the single alkyl group on the monofunctional 
EMS molecule attacks an electron-rich site at the N-7 posi­
tion of the purine. This will cause a weaken.ing of the 
glycosidic bond between purine and ribose sugar causing a 
cleavage of the plllrine from the DNA. This gap in the DNA 
can be filled with any of the four bases so that a trans­
version or transition mutation can result (Bautz and Freeze, 
1960). 
A transition mutation results when a purine replaces 
another purine, that is adenine replaces guanine or vice 
versa. A transversion mutation occurs when a purine is 
replaced by a pyrimidine such as cytosine or thymine 
(Auerbach, 1967). 
Johnson and Bach (1965) have concluded that spermine 
NH2(CH2)3NH(CH2)4NH(CHa)4NH2 behaves as an antimutagenic 
agent with bacteria and that the antimutagenic affect is 
more pronounced when bacteria are exposed to a mutagenic 
agent like carfine or ultraviolet light. 
Johnson and Bach (1965) tested the antimutagenic 
abilities of spermine in a oulture media of tryptophan­
requiring mutants of Esoherichia coli and Staphylococcus 
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aureus. After a sho~t growing period on spermine­
supplemented media, the cultures were inoculated in a new 
media containing streptomycin sulfate. The capability of 
spermine to act as an antimutagen was determined by counting 
new colonies of bacteria that occurred in the antibiotic 
culture media. In all cases cells grown in the presence of 
spermine had a significantly lower mutation rate than the 
control cells. 
It is generally believed that the site of the anti­
mutagenic action of spermine is the DNA molecule. The 
exact method by which spermine is attached to the DNA 
molecule is not known; however, it is generally accepted 
that it forms a bridge across the double helix with one end 
of the spermine molecule combined with the phosphate group 
and the other end possibly attached to the adenine or thy­
mine group. It has been suggested that spermine may have 
all four of its amine groups interact to form ionic bonds 
with DNA (Stevens. 1967). 
Investigations by Johnson and Bach (1968) have shown 
that most of the spermine that enters a cell combines with 
DNA, but t-RNA and ribosomes will also be able to react and 
combine with spermine. The affinity between t-RNA and 
spermine increases as the pH decreases. It is therefore 
expected that the amount of spermine attached to the DNA 
would decrease as the pH decreases. Also, it has been sug­
gested that spermine, having a cationic nature, is sought 
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after by the various anionic species that are found within 
the cell. 
Spermine causes an increase in the melting temperature 
of DNA and the exact extent of this increase has been shown 
to be a function of the adenine and thymine content of the 
DNA. However. research by Hirschman et ale indicates that 
there is little correlation between the binding of spermine 
and the base composition of DNA (Hirschman. Leng and 
Felsenfeld, 1967). 
Dimethyl SUlfoxide (DMSO) (C2H6SO) is an aprotic 
solvent with a number of unique solvation properties. It can 
cause the dissociation of acids and bases and affect the rates 
and mechanisms of reactions (Parker, 1962). This compound 
has been used as a biological preservative to prevent 
freezing and damage of living cells and has proven to be a 
radioprotective agent in mice (Ashwood-Smith, 1961). 
Although DMSO may have long term side effects in 
humans which make it unsuitable for use as a routine drug, 
it has been proven to have a very low toxicity level to mice 
when applied to tissues in high concentrations (Dixon et al •• 
1965). Bovine and human spermatozoa can be suspended and 
frozen in DMSO without any apparent damage (Lovelock and 
Bishop. 1959). 
There is considerable evidence that DMSO has the 
ability to carry large molecules across the cell membrane 
without damaging the cell membrane. When DMSO was applied 
j:~1'1.S"-----------------·••••12_?e·--~~:§~1~1--_, 
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to chironomid salivary glands there was little observable 
effect. except that the chromosomes appeared slightly more 
diffuse than the normal salivary gland chromosome. However. 
when DNase (M.W. 40.000 to 60.000) was mixed with DMSO. the 
contents of the nucleus were no longer observable after 
twenty minutes (Berry and Dietz. 1968). The molecular weight 
of spermine is 184 and that of EMS is 124. If DMSO can carry 
DNase through the cell membrane without any apparent damage 
to the cell membrane. then DMSO should be able to carry low 
molecular weight substances such as spermine and EMS through 
the cell membrane without detrimental effects. 
The mechanism by which DMSO is able to overcome 
permeability barriers is not well understood. It appears 
that the increased permeability is not caused by poisoning 
of active transport. but involves changes in the structure 
of the membrane. The movement of DMSO through the skin in 
some way influences the movement of other molecules through 
the skin (Franz and Van Bruggen, 1967). 
Berry and Dietz (1968) reported that one consistent 
feature of all DMSO-treated cells was that although membrane­
bounded organelles were considerably swollen. the membranes 
or membrane itself appeared to be unbroken as observed under 
the light and electron microscopes. They also observed that 
no change in the nuclear membrane could be seen except the 
nuclear pores became slightly enlarged. 
When Drosophila were dipped into a.1M DMSO solution 
-------------
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the sex-linked recessive lethal mutation rate as observed by 
Muller-5 tests was 0.0%. Flies ~hat received DMSO by a dip­
ping treatment and then exposed to 2000r X-ray had a slight­
ly higher but insignificant sex-linked recessive lethal 
mutation rate than flies that received only X-ray treatment. 
A 4.4% dominant lethal mutation rate was observed for flies 
that were dipped into 0.1M DMSO (Alexander, 1966). 
This stUdy will attempt to determine if spermine can 
act as an antimutagenic agent in an organism other than 
bacteria, namely Drosophila. The topical application of 
DMSO-EMS solution to Drosophila should establish a mutation 
rate that can be compared with the mutation rate produced 
from the topical application of DMSO-EMS-spermine. If the 
mutation rate of the DMSO-EPfLS treated flies is significantly 
higher than the mutation rate of the DbffiO-EMS-spermine 
treated flies, then spermine could be considered as an anti­
mutagenic agent in higher and more complex organisms such as 
Drosophila. If the mutation rate of DMSO-EMS-spermine 
treated flies is not significantly different from the DMSO­
EMS treated flies then the interaction of EMS and spermine 
prevented spermine from acting as an antimutagen. 
l\1ATERIALS AND METHODS 
In the present experiment, E~~ (CH3CH20S02CHJ ) was 
used to induce mutations in Drosophila m~lanogast~r. 
. '. f 't fly that has been widelyDroSQph.J.1.E::t melanogE::t13ter 1S a ru~ .. 
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used in genetic studies. It was planned that EMS treated 
flies would produce a mutation rate significantly above the 
spontaneous mutation rate of the untreated flies. The two 
strains of Drosophila used for this experiment was a wild­
type obtained from Michigan State University and a Muller-5 
(Base) strain from the University of Oregon. 
In addition to treatment of EMS, some flies were 
treated with dimethyl sulfoxide (C2H6SO) and some flies 
received treatments of DMSO and spermine. DMSO is a chem­
ical that has the ability to carry large molecules across 
the cell membrane. Spermine, NH2(CHZ)3NH(CH2)4NH(CH2)4NH2 
has been recorded to be an antimutagen in bacteria (Johnson 
and Bach, 1965). These experiments test the hypotheses that 
spermine acts as an antimutagen in Drosophila. If spermine 
acts as an antimutagen in organisms more complex than 
bacteria, then flies that are treated with EMS, DOOSO and 
spermine should have a lower mutation rate than flies treated 
with just the DMSO and the mutagen EMS. 
The mutations that were detected were mutations that 
occurred on the X-chromosomes. The detection of these mu­
tations was accomplished by applying the Muller-5 test. The 
Muller-5 test is an objective test that utilizes the Muller-5 
(Base) strain of Drosophila melanogaster. Base X-chromosomes 
have complex inversions that act as cross-over suppressors 
when carried heterozygously with any wild-type X-chromosome. 
The Basc X-chromosomes carry markers that include an 
9 
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incomplete dominant mutant gene for bar ey d . 
es an a recess~ve 
gene producing apricot colored eyes (Alderson, 1965). 
The Muller-5 fly is phenotypically characterized by 
the presence of a narrow vertical bar-shaped eye that has 
about 90 facets in the male and about 70 facets in the 
female. The normal number of facets per eye is between 740 
and 780. The eyes of the male are yellowish-orange while the 
female's are slightly lighter in color than the male (Lindsley 
and Grell, 1967). 
The wild-type Drosophila used in these experiments was 
originally collected in Roseburg, Oregon, and have been 
named Oregon R. (OR) (Lindsley and Grell, 1967). 
In this experiment, the OR males, which carry a single 
wild-type X-chromosome were treated and mated with homo­
zygous Base virgin females. Any lethal mutation observed in 
the F2 generation will result from a recessive mutation that 
occurred on the treated wild-type X-chromosome. This kind of 
mutation is called a sex-linked recessive lethal mutation. 
Autosomal dominant mutations cannot be counted in adult flies 
because organisms with these mutations die in the egg or 
larva stages (Spencer and Stern, 1948: Alderson, 1965). Thus, 
the only mutations that were scored were those that occurred 
on the X-chromosome and were recessive and lethal in nature. 
Wild-type Oregon-R (OR) males were treated in six 
different waysl (1) Control group, no treatment, (2) 1.0M 
DMSO applied topically, (3) 24 hour feeding of O.025M EMS in 
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1.0% sucrose solution suspended on absorbent paper, (4) 1.0M 
DMSO mixed with O.02M spermine applied topically, (5) 1.0M 
DMSO, 0.025M EMS and 0.02M spermine applied topically, and 
(6) 1.0M DMSO and O.025M EMS applied topically. Test solu­
tions were prepared so that the molarity of chemicals in 
the solutions remained the same. 
A syringe microburet (model number SB2, from 
Micrometric Instruments Co., Cleveland, Ohio), was used with 
a SIYT syringe in 0.5 microleter divisions to place 0.5 
microleters of test solution on the side of a glass vial. 
OR males were anesthesized and placed in this solution so 
that the posterior ventral portion of the abdomen would be 
in the oenter of the drop. The fly would remain anesthe­
sized on the drop until all the test solution was dried. It 
would take ten to fifteen minutes for the chemical solution 
to dry. Most of the flies would then be able to walk, but 
some flies would get their wings stuck to the vials. Gentle 
tapping of the vial would eventually free any flies stuck to 
the vial. Any flies that did not show good vitality within 
an hour after treatment would not be used for mating. Flies 
that did show good vitality were mated within an hour after 
treatment to virgin Base females. 
All flies were reared ±n continuous light at 25°0 
growing in about three-fourths inch of media prepared from 
1 liter water, 120 ml unsulfured molasses, 5g agar, lOOg 
corn meal, 20g Brewers yeast and 4.5 m1 of propionic acid. 
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Wild-type males were collected every eight hours for 
a twenty-four hour period. During the next twenty-four hour 
period the flies were taken to another laboratory building 
where they were treated. After treatment and recovery the 
flies were carried back to the mating and storage laboratory. 
For the Pi cross. a virgin female Base was mated to a 
treated OR male. The treated male was put into a quarter 
pint size bottle with a female immediately after recovery 
for a twenty-four hour mating period. After the twenty-four 
hour mating period the males were removed and the Base 
females were allowed to lay eggs for three more days. 
From the Pi cross of OR males and Base females, all 
F1 males carried a single Base X-chromosome and a Y­
chromosome. Phenotypically these F1 males had bar-shaped 
and apricot color eyes. All F1 females contained one paternal 
wild-type X-chromosome and one maternal Basc X-chromosome. 
The phenotype of the F1 female was characterized by a red 
kidney-shaped eye. The complex inversions of the Base X­
chromosome are important at this point because the Basc 
chromosome suppresses crossing-over with the paternal wild­
type X-chromosome. Thus the X-chromosome from the treated 
Pi OR male is transmitted intact. 
To produce the F2 generation. the F1 siblings were 
allowed to mate. From this cross two phenotypic classes of 
males and two phenotypic classes of females were produced in 
the CUltures not carrying a lethal mutation. The female 
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progeny that were produced were, (1) homozygous Base. which 
is distinguished by having an apricot-colored and bar-shaped 
eye. and (2) heterozygous females containin~ one wild-type 
X-chromosome and one Base X-chromosome. The heterozygous 
class females can be recognized by having a red kidney-shaped 
eye. The two classes of males that were produced in the 
absence of a sex-linked recessive lethal mutation were. (1) 
those having the paternal, wild-type X-chromosome that 
resul ted in normal red eyes. and (2) the class of male with 
one Base X-chromosome exhibiting a bar-shaped and apricot­
colored eye. 
A sex-linked recessive lethal was scored by the 
absence of the wild-type male progeny class in the F2 genera­
tion. An F) generation was used to verify any presumptive 
sex-linked recessive lethal mutation; this cross was between 
a heterozygous F2 female and a Base male. A cross to the F) 
generation was run on any F culture producing six or less 
2 
Base males and no wild-type males. If only six or fewer 
Base males were represented in the F2 progeny, then the 
possibility becomes 1 in 64 that the eggs fertilized were the 
eggs that contained the untreated maternal X-chromosome. 
An egg hatching test was run in conjunction with all 
chemicals tested in this experiment to evaluate the frequency 
of post-fertilization mortality. For these tests OR males 
were treated identically to the treatment given the OR males 
in the sex-linked recessive lethal test. 
-----------------
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Following treatment and recovery, the wild-type males 
were placed in vials and were mated individually to Basc 
females for twenty-four hours. After the twenty-four hour 
period the males and females were re~oved from the first 
vials. The males were destroyed and each female was put 
individually into a second vial so that she could lay eggs 
for a second twenty-four hour period. The females were 
repeatedly transferred to new vials for several twenty-four 
hour periods. 
The number of eggs that were layed in a vial were 
counted. After twenty-four hours the eggs were observed and 
the number of eggs that had not hatched were counted. By 
comparing the number of eggs that had not hatched with the 
total number of eggs, an estimate could be made of post­
fertilization mortality. 
The number of eggs that did not hatch in the control 
group could represent a background mutation rate for domin­
ant lethal mutations. This background rate could then be 
used for comparison with any induced dominant lethal muta­
tion that occurred with the different chemicals tested. 
RESULTS 
Sex-Linked Recessive Lethal£! 
The sex-linked recessive lethal mutation rate for the 
control group was 0.27%. When the control data is compared 
to the DMSO data, which has a sex-linked recessive lethal 
14 
mutation rate of 0.0%. a 0.06 chi-square value is obtained 
(Table 1). Alexander (1966) also recorded a 0.0% sex-linked 
recessive lethal mutation rate for flies dipped in DULSO. and 
a 0.0% sex-linked recessive lethal mutation rate for the non­
treated flies. The chi-square value obtained in this experi­
ment indicated that there is no significant variation of 
mutation rates between DMSO treated flies and non-treated 
control flies. Apparently. there is no mutagenic effect of 
DM80 as applied in these experiments. 
When the control group is compared to the DMSO­
spermine treated flies, which have a 0.28% sex-linked reces­
sive lethal mutation rate. a 0.35 chi-square value is 
obtained (Table 1). This chi-square value again indicates 
tha t f1 ies treated with DM80 and spermine do not have a 
mutation rate significantly different from the control group. 
In a comparison between the control group and the 
flies treated with DMSO-EV~. which have a 2.5% sex-linked 
recessive lethal mutation rate. a 4.95 chi-square value is 
obtained (Table 1). This chi-square value indicates a sig­
nificant difference in mutation rate as compared to the 
control group. Apparently. the EMS mutagen is being carried 
across the exoskeleton. abdominal membranes and various 
tissues, inducing mutations on the chromosomes of the sperm. 
A comparison between the DMSO-spermine treated group 
which has a 0.28% sex-linked recessive lethal mutation rate, 
and the DMSO-EMS-spermine treated flies which have a 2.45% 
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Table 1. Sex-linked recessive lethal mutation resul te. 
A. D~ta from all. experimental combinations for the sex­
lLnked recess~ve lethal mutation tests. 
Control DMSO 
DMSO 
Spermine 
DMSO 
EMS 
DMSO 
EMS 
Sp~rmine EMS 
Total F1 matings l}OO 351 776 293 302 271 
Chromosome tested 367 329 718 270 289 201 
Number of non-tests 
in F1 matings 33 22 518 21 31 70 
Number of F2 scored 
normal 366 329 716 262 278 126 
Number of F2 scored lethal 1 0 2 7 11 73 
Percent lethals 0.27% 0.0% 0.28% 2.50% 3·80% 36.2% 
B. Chi-square value associated with comparison of the 
various mutation rates 
DMSO 
DMSO DMSO EMS 
Oontrol DMSO Spermine EMS Spermine Ert1S 
Control 0.06 0·35 4.95 9·36 140 
DMSO 0.06 0.04 6.4-8 9.73 
DMSO-spermine 0·3.5 0.04 9.13 17.45 
DMSO-EMS 4.95* 6.484'* 9.13** 0·95 92.42 
DMSO-EMS-spermine 9.36** 9.73*4' 17.45** 0.95 
EMS 92.42** 
'* significant at the 5% level with one degree of freedom
** significant at the 1% level or higher with one degree of 
freedo 
>~j:_:'----------­
16 
mutation rate. shows a 17.45 chi-square value (Table 1). 
This chi-square value indicates that when EMS and spermine 
are applied together they are inducing a signfficant number 
of sex-linked recessive lethal mutation over the rate of 
spermine alone. 
When the control group is compared to the DMSO-EMS­
spermine treated flies. which demonstrate a 3.8% sex-linked 
recessive lethal mutation rate, a chi-square value of 9.36 is 
obtained (Table 1). This chi-square value indicates that 
DMSO-EMS-spermine treated flies have a mutation rate that 
is significantly greater tnan the control group at the 1% 
probability level. From this result one might speculate that 
spermine in the presence of DMSO and EMS is intereacting in 
such a manner that spermine might have a synergistic effect 
with EMS. However. when the mutation rates of DMSO-EMS­
spermine treated flies are compared to the DMSO-EMS treated 
flies a chi-square value of 0.95 is obtained (Table 1). 
This chi-square value indicates that the mutation rates 
between DMSO-EN~-spermine and DMSO-EMS are not significantly 
different. at the 5% probability level. This low chi-square 
value between DMSO-EMS-spermine and DMSO-EN~ suggests that 
spermine is not acting synergistically with EMS. 
A 36.2% sex-linked recessive lethal mutation rate was 
obtained on flies that were treated by feeding 0.025M ~lli in 
When this muta­1.0% sucrose suspended on absorbent paper.
 
tion rate is compared to the control group a 140.0 chi-square
 
-----------
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value results (Table 1). This high chi-square value indi­
cates the ErnS used in this experiment was capable of pro­
ducing a highly significant sex-linked recessive lethal 
muta tion rate when administered. orally. 
When the sex-linked recessive lethal mutation rate of 
DMSO-treated flies is compared to the sex-linked recessive 
lethal mutation rate of DMSO-EMS. a chi-square value of 6.48 
is obtained (Table 1). Such a high chi-square value indi­
cates that EMS is produoing a significant sex-linked reces­
sive lethal mutation rate and since the mutation rate of 
nooso treated flies is 0.0%, EMS is solely responsible for 
the 2.5~ mutation rate unless there is a synergistic action 
between DMSO and EMS that can not be detected by the tests 
in this experiment (Table 1). 
Comparing DooSO treated flies which have a 0.0% muta­
tion rate and DMSO-spermine treated flies which have a 0.28% 
mutation rate, a chi-square of 0.04 is obtained (Table 1). 
This chi-square value strongly indicates that the addition 
of spermine is not aoting as a mutagen in the presence of 
DMSO, and that the treatment of DMSO or DW~O-spermine have 
no significant effect upon the sex-linked recessive lethal 
mutation ra.te. 
When DMSO treated flies are compared to DMSO-E)ffi­
spermine treated flies a significant difference in sex­
linked recessive letha.l mutation rates is observed. The 
DMSO-EMS-spermine treated flies have a 3.8% sex-linked 
18 
recessive lethal mutation rate. The chi-square value 
between these two groups is 9.73 (Table 1). 
Post Fertilization Mortality Test§ 
The results of the post fertilization mortality tests 
(Table 2) indicate the chemicals used had various effects 
upon the viability of the eggs. In the control group 825 
eggs were counted out of which 749 eggs hatched, giving a 
90.7% hatching rate. 
The flies that received the DMSO-EMS-spermine treat­
ment had a 95.0% hatching rate. The DMSO-EMS-spermine 
treated flies represents the only group that showed a higher 
hatching rate than the control group. When the control group 
and the DMSO-EMS-spermine group were compared, a chi-square 
value of 10.0 was calculated. This chi-square value indi­
cates that the three chemicals apparently have depressed the 
hatching rate to a significant degree as compared with the 
non-treated controls such that the probability of this event 
would be less than 1% (Table 2). 
All other tests showed a hatching rate that was below 
the hatching rate of the control group. All tests that did 
show hatching rates below the controlled group were compared 
to the control group. In each case the chi-square was 11 or 
above. This large chi-square value indicates that chemicals 
being tested have a highly significant effect upon hatching 
rates which is reflected in the increased post fertilization 
19 
Table 2. Post-fertilization mortality tests. 
A.	 All data from all experimental combinations for post­fertilization mortality tests. 
Number of eggs 
Control 
825 
DMSO 
1033 
DMSO 
Spermine 
592 
mr1S0 
EMS 
1027 
DMSO 
EMS 
Spermine 
813 
EMS 
813 
Number of eggs 
non-hatched 76 493 118 141 42 102 
Number of eggs: 
hatched 749 540 474 ssID 771 256 
Percent of normal 
egg development 90.7% 52·3% 68·5% 86.3% 95.0% 71.5% 
B. Chi-square values associated with various combinations of 
post-fertilization mortality tests. 
Control 
Control DMSO 
320.0 
DlY1S0 
Spermine 
34.9 
DMSO 
EMS 
11.0 
DMSO 
ElliS 
Spermine 
10.0 
El'ftS 
71.9 
DOOSO 320.0*41­ 18.2 289 405 
DMSO-spermine 34.9** 18.2** 107·0 74.2 
DMSO-EMS 11.0**289.0** 107.0** )6.4 
DMSO-EMS-spermine 10.0**450.0** 74.2** )6.4** 
... significant at the 5% level with one degree of freedom 
** significant at the 1% level or higher with one degree of 
freedom 
20 
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mortality. 
Flies that were treated with DMSO had the lowest 
hatching rate, 52.)%. When spermine was added to DMSO the 
hatching rate increased to 68.5%. When EMS was added to 
DMSO the hatching rate increased to 86.3% (Table 2). 
Flies that received EMS by means of feeding on a 
solution of 1.0% sucrose and 0.025M EMS suspended on absor­
bent paper had a 71.5% hatching rate. 
pH Values 
Research by Johnson and Bach (1968) indicate that the 
amount of spermine available to stabilize DNA decreases with 
lower pH values because the affinity between spermine and 
t-RNA increases with decreasing pH values. 
Spermine and DMSO had the lowest pH value, 2.25. 
DMSO has the highest pH value, 6.65. The pH of the DNiliO-B~~­
spermine solution was 2.80. When 0.025M EMS is mixed with 
1.0% sucrose the pH value is 4.). Yfuen EMS is mixed with 
DMSO the pH drops to 3.9. 
1 •OM DrvlSO and O. 02M spermine _ 2.25 pH 
1.0M DMSO, 0.02M spermine and o.025M ENill 2.80 pH_ 
1.0M DMSO and 0.0251\'1 EMS _ 3.90 pH 
O.025M EMS and 1.0% Sucrose solution. 4.30 pH _ 
6.65 pH1. OM DMSO ----------­
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DISCUSSION 
The major objective of this experiment was to deter­
mine if spermine could act as an antimutagen in sperm cells 
of Drosophila when these sperm cells were exposed to a known 
mutagen, EMS. Both of these chemicals had to be carried 
across the exoskeleton of the abdomen, associated membranes 
and tissues of the body wall, through the tissues of the 
testes and seminiferous tubules to eventually have contact 
with the sperm cells. 
The action of spermine is disputed. Spermine could 
be considered a poly-cationic ion which would behave similar­
ly to calcium and magnesium ions. Behaving as a cationic 
substance spermine would be attracted to numerous anionic 
species within the cell. Therefore the amount of spermine 
that would actually combine with DNA is uncertain. However, 
investigations by Johnson and Bach (1968) suggest that J to 
17% of the spermine that enters a bacterial cell will combine 
and stabilize DNA. Some spermine may attach to RNA, but its 
bond strength is less than the spermine-DNA bond strength. 
Some spermine may join with ribosomes, in this case the 
release of newly synthesized proteins is inhibited. 
That spermine can stabilize the degradation of DNA is 
supported by evidence that the presence of spermine increases 
.. ·he stabilization of DNA isth NA Te melting temperature of D . • 
affected by pH. As the pH decreases, the ability of spermine 
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to stabilize DNA increases. Apparently, the acid environ­
ment causes the non-covalent bond between the amine group of 
spermine and the phosphate group of the DNA molecule to form 
a stronger bond than can be formed in a higher pH environ­
ment (Hirschman, Leng and Felsenfeld. 1967). 
The actual bonding mechanism and position of spermine 
on DNA is uncertain. However, the general accepted idea is 
that the amine groups of spermine interact with the phos­
phate groups of DNA and that the spermine mQlecule bridges 
across the DNA molecule. The amines of spermine most likely 
a ttaches to the phosphates of the adenine and thymine 
nucleotides (Stevens, 1967). 
Spermine appears to work as an antimutagenic agent in 
the presenee of penicillin and sweptomycin. Drug-sensitive 
strains of SWPhYlococcy,s aureUs and Aerobacter aerogenes 
cells were saturated in 100 micrograms of spermine for forty 
minutes and then irradiated for 5 minutes with U. V. light. 
After irradiation treatment. the bacteria. strains were plated 
on antibiotic containing media. The viable count of the sper­
mine treated cultures was approxima. tely 170 times less than 
with similar cultures from which spermine had been omitted 
(Sevag and Drabble. 1962). This work may be of particular 
importance to the present experiment since EMS can cause 
radiomimetic mutations. 
It is uso possible that the spermine molecule could 
be oxidiz ed into produc ts tha t would be toxic to the cells. 
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The enzyme which accomplishes this oxidation (amine oxidase) 
has been found only in beef plasma (Hirsch. 1953). 
The action of EMS in the cells is also disputed. 
Evidence suggests that EMS has its greatest effect on post­
miotic sperm cells. and with asexual reproducing cells the 
greatest effect will be during the G2 stage (Biesele. 1963). 
The mutations that result from a monofunctional 
alkylating agent like EMS are probably not due to cross 
linking mechanism that might interfere with the action of 
DNA. but are most likely due to an "apurinic gap" that may 
produce a. transition of guanine-cytosine pair to an adenine­
thymine pair. This transition of base pairs could produce a 
missense or nonsense muta.tion (Auerback. 1967). 
It is thought that the alkylating action of EMS is at 
the N-7 position of guanine. The alkylation of guanine could 
cause it to erroneously combine with thymine instead of 
cytosine. This would result in a transition mutation. EMS 
could also cause guanine to leave the DNA molecule resulting 
in a depurination gap. This gap could result in a different 
nucleotide sequence or a shortened nucleotide sequence. In 
this latter case a missense or nonsense mutation could result 
(Lawley and Brooks, 1963). 
Of the )67 chromosomes tested in the control group 
• k d 've lethal mutation,only one demonstrated a sex-l1n e receSSk 
resulting in a 0.27% recessive lethal mutation rate (Table 
1). This sex-linked recessive lethal mutation rate is 
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slightly higher than the 0.0% sex~linked r .
eceSSl.ve lethal 
mutation rate observed by Alexander (1966), following a 15 
day mating period. The chi-square value between the sex~ 
linked recessive lethal mutation rate observed by Alexander 
and the sex-linked recessive lethal mutation rate observed 
in this test is 0.06. This low chi-square value indicates 
that the sex-linked recessive lethal mutation rate of the 
control group in the present experiment does not differ from 
that of the mutation rate observed by Alexander and repre­
sents a normal spontaneous mutation rate for this strain of 
Drosophila. 
However, there is a difference in the egg hatching 
rate of the control group in Alexander's experiment and the 
present experiment. Alexander observed a 95.6% hatching 
rate using 2236 eggs in her test. The hatching rate in the 
present experiment was 90.7% using 825 eggs (Table 2). The 
chi-square value between these two hatching rates is 24.8. 
The larger chi-square value suggests a significant differ­
ence at the 5% level between these two observations. Pos­
sible explanation for this difference might bel (1) females 
were not fully inseminated, (2) refUsal of the female to mate 
in the allotted period of time, () male sterility, (4) stock 
difference, and (5) treated males may lack the desire to mate. 
The flies treated with Dlf~O had a sex-linked recessive 
lethal mutation rate of 0.0% (Table 1) which is not signi­
ficantly different, at the 5% level, from the control value 
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for these experiments. Also, the sex-linked recessive 
lethal mutation rate of flies treated with DMSO in this 
experiment is identical to the sex-linked recessive lethal 
mutation rate observed by Alexander for her work with DMSO 
treated flies. 
From these two similar observations it may be sug­
gested that DMSO has no effect upon the sex-linked recessive 
lethal mutation rate. However, DMSO may have a significant 
effect upon the dominant lethal mutation rate as measured 
by means of egg hatching to determine post-fertilization 
mortality. The dominant lethal test in this experiment is 
quite different from that observed by Alexander. In the 
present experiment the egg hatching rate of DMSO treated 
flies was 52.3% (Table 2). Alexander recorded a 94.9% post­
fertilization mortality rate for flies treated with DMSO. 
The difference in post-fertilization mortality for 
flies with DOOSO might be explained by one or all of the 
following. (1) The concentration of DMSO used in this 
experiment was ten-times greater than the concentration that 
Alexander used. Alexander used a O.lM while 1.0M concentra­
tion was used in this experiment. (2) Alexander allowed the 
male and female to mate for three days while this experiment's 
mating period was one day. It is possible that the DW~O 
treatment partially inactivated the sperm or interfered with 
the males ability to copulate. (J) Alexander dipped the 
abdomens for a short period of time while the present 
------_.~ 
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experiment placed the abdomen of the fly ~ "'" d 
........ a rop and left 
the fly's abdomen in the drop intil the fly r 
ecovered from 
the anesthesia or until the drop evaporated. The method 
used in this experiment would permit more DMSO to pass into 
the abdomen and more would eventually reach the testes. 
Flies that fed for twenty-four hours upon a mixture of 
1.0% sucrose and O.025M EMS suspended upon absorbent paper, 
produced a 36.2% sex-linked recessive lethal mutation rate 
(Table 1). Khan (1969) obtained similar results by feeding 
Drosophila on O.012M EMS with a similar feeding method for 
twenty-four hours. Khan recorded a 4) .6% sex-linked reces­
sive lethal mutation rate from eggs layed within three days 
after mating. He also obtained a 38.7% sex-linked recessive 
lethal mutation rate for eggs that were stored in females 
for six days after having mated with the treated males. In 
this last experiment of Khan's, females were kept on a food 
medium consisting of 4% agar and 2% glucose (Khan, 1969). 
The high mutation rate obtained in this experiment indicates 
that the EMS used was capable of producing a significant 
number of mutations when ingested. 
When O.025M E1dS was carried into the testes by DMSO, 
the sex-linked recessive lethal mutation rate dripped to 
2.59% (Table 1). A 4.95 chi-square value (Table 1) between 
DMSQ and DMSO ...EMS indicates that EMS did penetrate the 
abdominal wall and did oause a significant increase, at the 
5% level, in the sex-linked recessive lethal mutation rate. 
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Since the mutation rate of DMSO treated flies was 0 Ord 
• 70, one 
might conclude that the agent responsible for the increased 
mutation rate was EMS. 
When the sex-linked recessive lethal mutation rate of 
flies fed on O.025M EMS and 1.0% sucrose is compared to the 
sex-linked recessive lethal mutation rate of flies treated 
with DMSO-EMS. the mutation rate drops from 36.8% to 2.59%. 
This large drop in mutation rate may indicate that the com­
bination of DMSO with EMS causes a reduction in the effec­
tiveness of EMS. Or, that the amount of EMS that actually 
entered the seminiferous tubules was much less than the 
original amount applied. Dr'l1S0 had to carry EMS through the 
exoskeleton, abdominal membrane and various tissues before 
reaching the final destination, the sperm cells. I t is 
possible that DMSO lost some or most of its molecular carry­
ing ability on its path to the sperm cells in the seminifer­
ous tubules. 
The amount of EMS that would enter the sperm cells 
would be difficult to determine. Epler's (1966) investiga­
tion indicated that the rate of sex-linked recessive lethal 
mutations is related to the number of EMS molecules that 
might reach the sperm cells. Epler was able to produce a 
15.83% sex-linked recessive lethal mutation rate by injecting 
5 microliters of O.02M EIv'lS into the abdomens of Drosophila. 
Using the same quantity. but increasing the molar concentra­
tion to O.O)M. Epler was able to increase the seX-linked 
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recessive lethal mutation rate to 19.56% (Epler, 1966). 
Since the mutation rate of the pr tesen experiment was 2.59% 
for 5 microliters of a O.025M solution applied topically, it 
might be assumed that the quantity of EMS that entered the 
abdomens was less than 5 microliters. 
Much of the EMS may have become attached to anionic 
agents that are in the path to the sperm cells; or some of 
the EMS may have been diluted and disseminated throughout the 
body via the circulatory system. Feeding EMS to Drosophila 
involves similar problems. The amount of EMS any one fly 
ingested may have varied from fly to fly. At any rate, the 
amount of EMS that actually combines with ON&. in the sperm 
and is actively functioning to produce mutations may not 
always be the same amount from one fly to the next regardless 
of the method of treatment. 
The combination of DMSO and spermine produced a sex­
linked recessive lethal mutation rate of 0.28% (Table 1). 
This sex-linked recessive lethal mutation rate was quite 
similar to the sex-linked recessive lethal mutation rate of 
the control group which was 0.27% (Table 1). The DMSO­
spermine treatment produced a sex-linked recessive lethal 
mutation rate that was slightly higher than the DMSO mutation 
rate, but it was not significantly higher. The chi-square 
value being 0.04 (Table 1). This low chi-square value sug­
gests tha.t DMSO and spermine entering the abdominal region 
will not cause a significant increase in the sex-linked 
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recessive lethal mutation rate. 
Investigation by Johnson and Bach (1968) on the uptake 
of tritiated spermine by intact cells of Escherich~a coli 
and spheroplasts have shown that spennine will have an in­
creasing affinity for t-RNA at pH values of 4.0 and below. 
The pH value of DMSO-spermine solution was 2.25. At this pH 
it is possible that a large amount of the spermine could 
combine with t-RNA. Also tit is possible that the highly 
charged spermine molecule may have become attached to 
anionic agents of the cell membranes. 
The hatching rate of DMSO treated flies was 52 •.3% 
(Table 2). This hatching rate is considerably different 
from the 94.9% hatching rate that Alexander (1966) observed 
for D!~SO treated flies. However. the DMSO applied in this 
experiment was ten times greater in concentration than was 
used by Alexander. This higher concentration of DMSO may 
have affected the copulating abilities of the flies treated. 
Plies that received the higher concentrations of DMSO may 
have been partially sterilized. 
The mutation rate of DMSO-Elffi treated flies was 2.59% 
(Table 1). When spermine was added to DMSO and EMS. a 3·8% 
rate wa.s observed (Table 1). The increase in the sex-linked 
recessive lethal mutation rate appears to be due to a syner­
gistic effect of spermine, but when the sex-linked recessive 
lethal mutation rates of DMSO-EMS and DMSO-EMS-spermine 
treated flies are compared, a 0.95 chi-square value is 
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(Table 1). This chi-square value indicates th t 
a 
.
there J.S no 
significant difference in the mutation ratem ~ of flies treated 
with DMSO-EMS and DMSO-EMS-spermine. A· 0 95
• chi-square value 
would have an associated probability between 0.90 and 0.70 
for one degree of freedom. 
If spermine could act as an antimutagen in higher 
organisms, such as insects; it was hoped that the tests 
between DMSO-EMS and DMSO-EMS-spermine would indicate this 
activity. However. the results indicate that spermine may 
not have any significant effect upon the sex-linked reces­
sive lethal mutation rate under the present test conditions. 
The slight enhancement of the mutation rate with the additien 
of spermine to DMSO and EMS is contradictory to the hypothe­
sis stated in the introduction. It is possible that the 
spermine in the DMSO-EMS-spermine solution had a greater 
affinity for the anionic agents than did the EMS. This 
could possibly free more EMS molecules to attack the DNA 
moleCUle, thus producing more mutations. 
When the seX-linked recessive lethal mutation rates 
on DMSO-spermine treated flies and D~ffiO-EMS-spermine treated 
flies are compared, an increase from 0.28% to 3.80% is 
observed. The chi-square value between these two groups is 
17.45 (Table 1). This highly significant chi-square value 
indica tes that the addition of EMS has a strong and signi .. 
" .. d· t·· f sex-linked recessivef
. lcant lnfluence on the .In UcJ.on 0 .
 
lethal muta.tions. The increased mutation rate of DMSO-EMS­
~----.-
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spermine above the DMSO-spermine mutation t . . 
ra e lndlcates that 
EMS can function to produce mutations when s . . perrune J..8 pre.. 
sent. Apparently, there is little or no chemical interaction 
between EMS and spermine as measured by these tests. 
The DMSO-EMS-spermine treated flies had the best egg 
hatching percentage (95.0%) of all the treated groups in.. 
eluding the control group (Table 2). It is possible that the 
combination of DMSO, EMS and spermine would neutralize the 
affect that any one individual drug might have upon the 
dominant lethal mutation rate as observed by means of egg 
hatching tests. The 9.3% dominant lethal mutation rate 
(Table 2) that occurred for the control group in the present 
experiment is high when compared to the 4.4% dominant lethal 
mutation rate 0 f Alexander (1966), but the high rate observed 
in this experiment may represent a variation that sometimes 
occur with Drosophila. However, when the hatching rate of 
the DMSO-EMS..spermine (95.0%) treated flies is compared to 
the hatching rate of the control group of Alexander's experi­
ment (95.6%) one can observe very little difference. 
Johnson and Bach (1965) suggest that spermine might 
act as an antimutagen in the presence of an antibiotic such 
as penicillin or streptomycin. The development of resistant 
cells to penicillin and streptomycin occurs by means of a 
. b th antibiotic. The
selection process of a new mutatlon Y e 
antibiotic does not induce the mutation but merely allows 
'h ~~" a resistance tothe mutation to manifest 1 tael! by S OW ..... o.e; 
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the normal action of the antibiotic. The development of 
resistant cells to penicillin is a result of individual 
cells to form an enzyme (penicillinase) that is not normally 
produced by the bacteria strain in question. The ability of 
a bacteria to produce penicillinase is a result of a spon­
taneous mutation. Bacteria cells that become resistant to 
streptomycin do so at the site of the ribosome. Streptomycin 
causes coding failures between m-RNA and t-RNA at the ribo­
some. The mechanism for cells to become resistant to 
streptomycin is not completely understood, but the mechanism 
is not due to a mutation of the DNA. (Davis. Dulbecco, Eisen, 
Ginsberg and Wood, 1970). 
Is it possible that spermine can stabilize the DNA in 
the presence of an antibiotic like streptomycin or penicillin 
better than it can in the presence of a strong mutagen like 
EMS? Also, is it possible that spermine has a greater 
attraction to the active site on the ribosome than does 
streptomycin? If so, spermine may be acting as an inhibitor 
to the normal function of streptomycin on the ribosome 
(Tabor and Tabor, 1964). 
The major objective of this experiment was to deter­
mine if spermine could act as an antimutagen in Drosophila 
m,elanQgaster when carried across the abdomen by DfllliO. Since 
the seX-linked recessive lethal mutation rate of DMSO and 
DMSO-spermine treated flies is not significantlY different 
from the sex-linked recessive lethal mutation rate of the 
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control group, DMSO and the combination of DMSO an.·d sp . 
erm~ne 
does not significantly affect the sex-linked recessive 
lethal mutation rate. 
When DMSO is combined with EMS and appli d t 
e 0 the ab­
domen a significant sex-linked mutation rate occurs when 
compared to the mutation rate of the control group. Another 
significant difference is observed when the DMSO-EMS treated 
flies are compared to the flies that fed upon a sucrose-EMS 
solution. The significant drop in sex-linked recessive 
lethal mutation rate of DMSO-EiviS treated flies from the muta­
tion rate of sucrose-EMS fed flies indicates that only a 
fraction of the applied EMS in the DNISO-EMS solution became 
effective in producing mutations in the sperm. 
Flies that were treated with DMSO-EMS-spermine showed 
no significant difference in sex-linked recessive lethal 
mutation rate from the DMSO-EMS treated flies. Therefore, it 
appears that spermine does not act as an antimutagen in 
Drosophila melanQgaster. 
Post-fertilization mortality tests indicate that the 
concentration of DMSO may have affected the dominant lethal 
mutation rate or may have had an affect on the copulating 
abili ties of the treated males. When DMSO is mixed with 
spermine or EMS or both, the affect of DMSO upon the hatching 
rate becomes less severe. Apparently, both ErrlS and spermine 
neutralize the drug action that DfllSO has upon the flies. 
Sin D· eoe.. x-linked recessive lethal mutations,
.. ce MSO produced no 0 
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it would be difficult to consider DMSO acting a 
s a mutagen 
only on the autosomes. Therefore the affect that DMSO has 
on the hatching rate is probably one of a drug act'lon affect­
ing the copulating or fertilizing ability of the treated 
male flies. 
CONCLUSION 
The major objective of this experiment was to deter­
mine if spermine could act as an antimutagen in an organism 
that is more complex than bacteria. Earlier investigations 
by Johnson and Bach (1965) indicate that spermine can act as 
an antimutagen in bacteria. 
The results of the present experiments indicate that 
spermine does not manifest any antimutagenic properties when 
applied with the mutagen, EY.s. The sex-linked recessive 
lethal mutation rate of flies topically treated with 0.02M 
spermine and 0.025M EMS and 1.0M DMSO was slightly higher, 
but not significantly higher than the sex-linked recessive 
lethal mutation rate of flies that received a 1.0M DMSO and 
O.025M EMS solution applied topically. 
Topical application of 1.0M DMSO and 0.021 spermine 
does not have a significant effect upon the sex-linked reces­
siVE! lethal mutation rate when compared to the control group 
and DM80 treated flies. 
Flies that were fed on a solution of 1.0% sucrose and 
0.0251'4 EMS produced a )6.2% sex-linked recessiva lethal 
-------4
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mutation rate. This mutation rate is similar t 
o other sex-
linked recessive lethal mutation rates that ha b 
ve -een pro­
duced in Drosophila melanogaster by feeding of a ' '1
sJ.mJ. ar con­
centration. 
Flies that received DMSO treatments produced a 0.0% 
sex-linked recessive lethal mutation rate. This mutation 
rate is identical to the sex-linked recessive lethal muta­
tion rate that was obtained by Alexander (1966). 
However, the DMSO treatment did produce a 52.3% 
hatching rate. It is difficult to suggest that the low 
hatching rate observed with DMSO treatment is a result of 
dominant lethal mutations, since DMSO treatment did not 
cause any mutation on the X-chromosomes as observed by the 
sex-linked lethals test. 
When spermine is added to DFIl30 the hatching rate 
increases to 86. J%. When IDfLS is added to the DMSO-spermine 
solution the hatching rate changes to 95.0%. The change in 
hatching rate may be due to a neutralization effect of m~o 
by spermine and EMS. 
Flies that were fed on O.025M Er/J3 in a 1.0% sucrose 
solution produced a 71.5~ hatching rate. This low hatching 
rate indicates that the concentration of EMS used in this 
, ' 'ificant number ofexper1ment was capable of produc1ng a S1gn 
dominant lethal mutations when ingested. 
-------
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